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We study the magnetic and weak magnetic dipole moments of charged leptons in the framework
of the Two Higgs Doublet Model type III (THDM-III) with four zero textures. We first analyze
the possibility that the discrepancy between the experimental measurements and the theoretical
prediction of the muon anomalous magnetic dipole moment (aµ) in the Standard Model (SM) can
be explained in the context of the model and then find values for the parameters of the THDM-III:
neutral and charged Higgs boson masses (mH , mH±), mixing angles (α, β), CP-violating angles
θ1, θ2 and an additional parameter arising from the mass matrix (γf ), for which a correspondence
between theory and experiment is possible. We use aTHDM−IIIµ and current low energy processes
K − K¯ mixing, B0s → µµ¯, τ → µµµ¯, µ → eee¯, τ → µγ, τ → eγ, µ → eγ, b → sγ, B → D(D∗)τν
and the rare higgs decay h → τµ in order to determine the allowed parameter space of THDM-III
and from these we give a prediction for the magnetic and weak magnetic dipole moment of charged
leptons, in particular of the τ lepton. The obtained magnetic dipole moment of the τ lepton is of
the order of O(10−8 − 10−7) and the weak magnetic is of the order O(10−10 − 10−7).
PACS numbers: Valid PACS appear here
I. INTRODUCTION
The study of dipole moments in particle physics has become an important tool both theoretically and experimentally
in the search of new physics. Motivated in part by the fact that within the SM the electric dipole moment at the one
loop level is zero, albeit different Beyond the Standard Model (BSM) theories predict a small yet different than zero
value, this would serve as a new source of CP violation. In regard to the magnetic dipole moments, the theoretical
prediction of the aµ has been found to differ from the experimental value by [1]
∆aµ = a
Exp
µ − aSMµ = 288(63)(49)× 10−11, (1)
which is greater than 3 standard deviations. This discrepancy between theory and experiment could give a hint to
new physics. Of the several BSM models that have been used to try and offer a possible explanation to ∆aµ, one
of the simplest is the THDM, as was done in the work of [2] and [3], which focused on THDM’s of the type I and
type II. What differentiates each version of THDM is the way in which the Higgs doublets couple to fermions; in the
type I only one of the doublets couples to all fermions while the other remains inert, type II has one doublet coupling
exclusively to the up type quarks while the second doublet couples to down type quarks and leptons. Finally, in the
type III (THDM-III) both doublets couple to all fermions, up and down quarks and leptons. As far as the authors
know, no one has determined if the THDM-III is a viable model to explain ∆aµ and in turn how it might constrain
the parameter space of the model.
Unlike the µ, the τ lepton has a short life-time of (290.3 ± 0.5) × 10−15s that does not allow measurement of its
anomalous moments by the spin precession method used with the electron and muon. The dipole moment of the τ ,
with a 95% C.L., is [4]
− 0.052 < aτ < 0.013, (2)
with a central value
aτ = −0.018(17), (3)
and the SM theoretical value is given by [5]
aSMτ = 1177.21(5)× 10−6, (4)
different BSM models give predictions for the magnetic moment of the τ between the range of 10−9 to 10−6 [6],[7],[8].
On the other hand, with respect to the weak properties of the τ , the prediction of the SM was calculated in [9]
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2whose value was found to be:
aW−SMτ = −(2.10 + 0.61i)× 10−6, (5)
different BSM models predict values between the range of 10−10 to 10−6 [6],[8],[10]. The real and imaginary part of
the Weak Magnetic Dipole Moment (WMDM) of the τ , with a 95% C.L., were reported in [11] and are given by
Re
(
aWτ
)
< 1.14× 10−3, Im (aWτ ) < 2.65× 10−3, (6)
while the Weak Electric Dipole Moment (WEDM) is
Re
(
dWτ
)
< 0.5× 10−17ecm, Im (dWτ ) < 1.1× 10−17ecm. (7)
The ffV effective vertex describing the interaction between a neutral vector boson and two on–shell fermions can be
written as:
ΓffVµ (q
2) = ie
[
γµ
(
FVV − FVV γ5
)
− qµ
(
iFVS + F
V
P γ5
)
+ σµνq
ν
(
iFVM + F
V
E γ5
)]
, (8)
where q = p2 − p1 is the four-momentum. The dipole moments are defined as follows:
af = −2mfFV=γM (0), df = −eFV=γE (0), (9)
and the weak dipole moments
aWf = −2mfFV=ZM (m2Z), dWf = −eFV=ZE (m2Z). (10)
In this work, we focus on the contributions to magnetic and weak magnetic dipole moments of charged leptons that
arise from a THDM-III with a four zero texture. In particular we study the anomalous magnetic dipole moment of
the τ which can be measured through the decay τ− → l−ντνlγ [12] and its weak magnetic dipole moment [13].
The structure of the paper is as follows; in section II we introduce the Lagrangian for the Yukawa sector of the
THDM-III and how it can be expressed within the four zero texture framework. Afterwards in section III we present
our calculations for the electromagnetic and weak dipole moments along with there one loop Feynman diagrams. While
in section IV we present the effective Hamiltonians and the current values on experimental bounds and measurements
for the Low energy processes considered. Results and numerical analysis are given in section V. Finally, our conclusions
are presented in section VI.
II. THE TWO HIGGS DOUBLET MODEL WITH A FOUR ZERO TEXTURE
In this section we obtain the coupling of the Higgs bosons to fermions H(H±)fif j . We show the way in which we
diagonalize the fermion mass matrix, where the structure of the Yukawa matrices is such that after summing them
we recover a mass matrix with a 4 zero texture.
The general THDM, has been studied under different theoretical frameworks, such as the Minimal Flavor violating
(MFV) THDM [14], which provides the minimal level of FCNC consistent with data. The THDM with Alignment is
a scenario in which flavor violation does not occur at tree level; the contributions coming from vertices where flavor
change occurs are not present and therefore could be smaller then the ones present in our model.
The assumption of textures implies a specific pattern of FCNC Higgs-fermion couplings, known as the Cheng-Sher
ansatz
√
mimj
v . These vertices satisfy FCNC bounds for Higgs masses lighter than O(TeV), which is one of the reasons
why we work in this formalism. Secondly, it gives the structure of the Yukawa matrices as a function of fermion masses
in such a way that the elements of the CKM matrix are reproduced. But there are different possibilities for the texture
forms, such as a textured six, five or four zero mass matrix which are ideas that has been extensively developed; one
of the first efforts to work in this scheme assumed a six zero texture type [15], nonetheless this texture has been
ruled out[16]. In this work we focus on the four zero type motivated by the fact that they currently satisfy many
phenomenological observations. Furthermore, for certain four zero texture types as the Nearest Neighbor Interaction
(NNI) is obtained through a Z4 flavor symmetry in [17]. For a more in depth study of the formalism of textures and
the THDM, we suggest Refs. [18], [19], [20].
The Yukawa Lagrangian of the THDM-III given by:
3LfY = Y u1 QLΦ˜1uR + Y u2 QLΦ˜2uR (11)
+ Y d1 QLΦ1dR + Y
d
2 QLΦ2dR
+ Y l1LLΦ1lR + Y
l
2LLΦ2lR + h.c.,
here Φi = (φ
+
i , φ
0
i )
T denote the Higgs doublets, Y fi (f = u, d, l) are 3×3 Yukawa matrices, Φ˜j = iσ2Φ∗j and
QL = (u¯L, d¯L). Since both Higgs doublets couple to all fermions, the mass matrix for each fermion type f receives
contributions from both vevs v1 and v2, i.e.
Mf =
1√
2
(
v1Y
f
1 + v2Y
f
2
)
. (12)
In order to obtain physical fermion masses, we need to diagonalize the mass matrix; this is achieved through a
bi-unitary transformation which is given by:
MD = UfMfU†f = Uf
1√
2
(
v1Y
f
1 + v2Y
f
2
)
U†f , (13)
where the diagonalization matrix that we are using is obtained from [21]
Uf = O†fPf , (14)
in which Of is of the form
Of =

√
m2m3(A−m1)
A(m2−m1)(m3−m1)
√
m1m3(m2−A)
A(m2−m1)(m3−m2)
√
m1m2(A−m3)
A(m3−m1)(m3−m2)
−
√
m1(m1−A)
(m2−m1)(m3−m1)
√
m2(A−m2)
(m2−m1)(m3−m2)
√
m3(m3−A)
(m3−m1)(m3−m2)√
m1(A−m2)(A−m3)
A(m2−m1)(m3−m1) −
√
m2(A−m1)(m3−A)
A(m2−m1)(m3−m2)
√
m3(A−m1)(A−m2)
A(m3−m1)(m3−m2)
 , (15)
such that A = m3(1− γfr2) with f = l, u, d and r2 = m2m3 , and
P =
 1 0 00 eiθ1 0
0 0 eiθ2
 . (16)
The neutral Yukawa Lagrangian given in Eq. (11) can be expressed in terms of the mass eigenstates h0, H0, A0 as
[22]
LneuY =
g
2
(
ml
mW
)
l¯
[
cosα
cosβ
δll′ +
√
2 sin(α− β)
g cosβ
(
mW
ml
)(
Y˜ l2
)
ll′
]
l′H0
+
g
2
(
ml
mW
)
l¯
[
− sinα
cosβ
δll′ +
√
2 cos(α− β)
g cosβ
(
mW
ml
)(
Y˜ l2
)
ll′
]
l′h0 (17)
+
ig
2
(
ml
mW
)
l¯
[
− tanβδll′ +
√
2
g cosβ
(
mW
ml
)(
Y˜ l2
)
ll′
]
γ5l′A0
+
g
2
(
mu
mW
)
u¯
[
sinα
sinβ
δuu′ +
√
2 sin(α− β)
g sinβ
(
mW
mu
)(
Y˜ l2
)
uu′
]
u′H0
4+
g
2
(
mu
mW
)
u¯
[
− cosα
sinβ
δuu′ +
√
2 cos(α− β)
g sinβ
(
mW
mu
)(
Y˜ u2
)
uu′
]
u′h0
+
ig
2
(
mu
mW
)
u¯
[
− cotβδuu′ +
√
2
g sinβ
(
mW
mu
)(
Y˜ u2
)
uu′
]
γ5u′A0,
where Y˜ f2 =
√
2
v2
MD − v1v2 Y˜
f
1 and Y˜
f
i = UfY fi U†f . The type-down quarks part is similar to the lepton part with the
exchange l→ d and ml → md.
On the other hand, the charged Yukawa Lagrangian is given by:
LchY =
[
d¯i
(
Y˜ u1 sinβ + Y˜
u
2 cosβ
)
ujH
−
+ u¯i
(
Y˜ d2 cosβ − Y˜ d1 sinβ
)
djH
+
]
PR
+
[
d¯i
(
Y˜ u2 cosβ − Y˜ u1 sinβ
)
ujH
− (18)
+ u¯i
(
Y˜ d1 sinβ − Y˜ d2 cosβ
)
djH
+
]
PL.
We will use a notation in which ηH
ff¯
corresponds to the couplings ff¯H in the Lagrangians, for example:
ηH
0
ll¯ =
g
2
(
ml
mW
)[
cosα
cosβ
δll′ +
√
2 sin(α− β)
g cosβ
(
mW
ml
)(
Y˜ l2
)
ll′
]
. (19)
In this work, we assume that the mass matrix has a four zero texture form
Mf =
 0 Df 0D∗f Cf Bf
0 B∗f Af
 , (20)
so
 0 Df 0D∗f Cf Bf
0 B∗f A
 = v1√
2
 0 d1 0d∗1 c1 b1
0 b∗1 a1
+ v2√
2
 0 d2 0d∗2 c2 b2
0 b∗2 a2
 , (21)
where
Yi =
 0 di 0d∗i ci bi
0 b∗i ai
 , i = 1, 2.
To find the expression for the mass eigenstates, we use the following matrix invariants:
Tr(Mf ) = Cf +Af = mf3 +mf2 +mf1 , (22)
det(Mf ) = −D2fAf = mf1mf2mf3 , (23)
χ(Mf ) = B
2
f + CfAf −D2f = mf1mf2 +mf1mf3 +mf2mf3 , (24)
from these expressions we find a relation between the components of the 4-texture mass matrix and the physical
fermion masses
5Af = mf3 (1− r2γf ) , (25)
Bf = mf3
√
r2γf (r2γf + r1 − 1) (r2γf + r2 − 1)
1− r2γf , (26)
Cf = mf3 (r2γf + r1 + r2) , (27)
Df =
√
−mf1mf2
1− r2γf , (28)
where mfi is the fermion mass and the ri stands for ri =
mfi
mf3
.
So far, we have found a relation between the textured mass matrix and the diagonal physical mass matrix, but the
coupling of fermions to the scalar is given through the Yukawas, whose elements a1,2, b1,2, c1,2 and d1,2 can not be
simultaneously determined. But instead of having them as free parameters we can do the following:
Case 1) We will assume that the elements of Y1 are negligible and so
Mf =
 0 Df 0D∗f Cf Bf
0 B∗f A
 ≈ v2√
2
 0 d2 0d∗2 c2 b2
0 b∗2 a2
 . (29)
Case 2a) Following [30], we will consider the case in which each Yukawa contributes to only one element of the mass
matrix
Mf =
 0 Df 0D∗f Cf Bf
0 B∗f A
 = v1√
2
 0 d1 0d∗1 c1 b1
0 b∗1 0
+ v2√
2
 0 0 00 0 0
0 0 a2
 , (30)
or
Case 2b)
Mf =
 0 Df 0D∗f Cf Bf
0 B∗f A
 = v1√
2
 0 0 00 c1 0
0 0 0
+ v2√
2
 0 d2 0d∗2 0 b2
0 b∗2 a2
 . (31)
in both cases, the structure of the Yukawa matrices textures is such that after summing both we recover a mass
matrix with a 4 zero texture. In working under any of these assumptions we avoid introducing new free parameters
instead of explicitly determining the Yukawa matrix elements as functions of the fermion masses and γf . The
(
Y˜2
)
ff ′
for the paralell case is shown in the App.VII A and for cases 2a and 2b are given in [30].
In regard to the Renormalization Group Equations (RGE) stability, a study of the RGE in the general THDM-III
has already been performed by the authors of [31], they found a remarkable stability of the suppressed FCNC Yukawa
coupling parameters. Furthermore, in [32] they explored if four zero textures are stable under the running of energy
scales and found that the texture zeros of mass matrices Mf are stable against the evolution of energy scales.
III. DIPOLE MOMENTS IN THE THDM-III WITH FOUR ZERO TEXTURE
In this section we give our expressions for the magnetic and weak magnetic dipole moments of charged leptons
within the THDM-III.
6A. MUON ANOMALOUS MAGNETIC DIPOLE MOMENT
The Feynman diagrams that contribute to the magnetic dipole moment of charged leptons in the framework of the
THDM-III are shown in FIG.[1],
(a) (b)
(c)
Figure 1: Feynman diagrams that contribute to the magnetic dipole moment of charged leptons in the framework of the
THDM-III. In the case of the contributions coming of Barr-Zee diagrams we only consider the dominant contribution
given by diagram (c).
where li = e, µ, τ , and lj refers to a lepton of different flavor, H = h
0, H0, A0 are the neutral light, heavy and
pseudo scalar Higgs bosons, respectively. The vertices coupling Higgs bosons to charged fermions are obtained from
the Lagrangian in eqs.(17-18), except for the vertices coupling Higgs bosons to gauge bosons and Z to neutrinos [23].
The contributions to the magnetic dipole moments of leptons are CP-conserving, therefore the phases θ1, 2 are set to
zero.
We perform the calculation in the unitary gauge via the Feynman parameters. The one-loop contribution is given
by:
aρ1ρ2ρ3li =
∑
l=1, 2, 3
l′=2
∣∣∣ηρ1ρ2ρ3
ll′
∣∣∣2mli√
8pi2
1∫
0
dx
1−x∫
0
dy Gρ1ρ2ρ3k (x, y), (32)
where the label ρn refers to the particles circulating in each diagram, and the index ll
′ denotes the entry of the
Yukawa interaction, in the case for the aµ: l
′ = 2, i.e. l2 with l = 1, 2, 3. Notice that our results can be ap-
plied to any of the charged lepton. The label ηρ1ρ2ρ3
ll′ is the coupling obtained from the neutral Lagrangian term of ll¯H.
The Gρ1ρ2ρ3k (x, y) function for the diagram (a) is given by:
GHlj lja (x, y) = (x+ y)(mlj −mli(x+ y − 1))/M2a , (33)
with M2a = −m2H(x+y−1)+(x+y)(m2lj +m2li(x+y−1). Here lj = e, µ, τ. For the Feynman diagram (b): ηρ1ρ2ρ3ll′ = 1
7and Gρ1ρ2ρ3b (x) function is given by:
GH
±H±ν
b (x) = 2mlix/M
2
b , (34)
with M2b = (m
2
li
x −m2H±). The THDM also has Barr-Zee two-loop contributions to the muon anomalous magnetic
moment. The dominant contribution is given by [24]
atwo loopµ =
α2
8pi2s2W
m2µη
A0
µµ¯
m2W
∑
f=t, τ, b
Nfc Q
2
frff(rf )η
A0
ff¯ , (35)
where rf = (mf/m
0
A), mf is the fermion mass, N
f
c = 1(3) for leptons (quarks), Qf is the electric charge of fermions
and ηA
0
ff¯
is given by the Lagrangian coupling the CP-odd scalar to fermions:
L = i
g mf η
A0
ff¯
2mW
f¯γ5fA0, (36)
and finally
f(x) =
∫ 1
0
log( xy(1−y) )
x− y(1− x)dy. (37)
Because of the term rf = (mf/m
0
A) there is an inverse mass dependence with the pseudo-scalar, which in our
work was evaluated in the range of 200− 1000GeV , hence the contribution of this diagram is of the order O(10−13).
In a previous study by [25], the Barr-Zee contributions are considerable because they consider pseudo-scalar masses
between 10−2 − 102GeV . However, a collider search for the neutral Higgs bosons in the framework of the THDM’s
rules out little masses for mA0 . An OPAL analysis [26] using the LEP-II data up to
√
s = 189GeV exclude the region
12 < mA < 56GeV .
Therefore, the total contribution to aµ in the THDM-III is
aTHDM−IIIµ = a
H±H±ν
µ +
∑
H=h0, H0, A0
lj=e, µ, τ
aHlj ljµ + a
two loop
µ . (38)
B. Magnetic and weak magnetic dipole moments of the τ
The analysis that follows can also be applied to any of the charged leptons li = e, µ, τ . Nonetheless, we will
concentrate on the case li = τ . The Feynman diagrams that contribute to the magnetic dipole moment of the τ are
similar to the ones used for the muon, except that we now have that mli = mτ and l
′ = 3 because the entries of
ηρ1ρ2ρ3
ll′ are l3, i.e. 13, 23, 33.
For the weak magnetic dipole moment, we also use diagrams like those shown in FIG.[1] with the photon replaced
by the Z boson, but we must also consider the diagrams shown in FIG.[2]
The contributions to WMDM of the charged leptons of each Feynman diagram are given by:
(
aWli
)ρ1ρ2ρ3
=
∑
a, b, c, e
Aa, b, c, e
1∫
0
dx
1−x∫
0
dy Gρ1ρ2ρ3k (x, y), (39)
again the label ρn refers to the particles circulating in a particular one-loop diagram, Aa, b, c, e represent terms
associated to each Feynman diagram, given by
8(d) (e) (f)
Figure 2: Additionally to the Feynman diagrams (a) y (b) there are contributions from (d), (e) y (f) to the weak
dipole moment of the charged leptons aWli . In the Feynman diagrams (e) H = h
0, H0, A0 and (f) H = h0, H0.
Aa =
mτ
∣∣∣ηρ1ρ2ρ3ll′a ∣∣∣2
4pi2cW sW
, (40)
Ab =
m3τg
3
W (c
2
W − s2W )
32pi2m2W cW
, (41)
Ad =
g2W gZ
128pi2m2W cW
, (42)
Af =
mτemZη
ρ1ρ2ρ3
lmf
4pi2c3W s
2
W
cos(α− β), (43)
where cW , sW , mW , mZ are the cosine, sine of the Weinberg angle, W and Z gauge boson mass, respectively. We
omit Ae because the Feynman diagram (e) gives no contribution to weak magnetic dipole moment. The G
ρ1ρ2ρ3
k (x, y)
functions are:
GHlj lja (x, y) = −2(CV (x+ y)(mli(x+ y − 1)−mlj ))/M2a , (44)
GH
±H±ν
b (x, y) = 4mlix(x− 1)/M2b , (45)
GH
±νν
d (x, y) = −8mli(x+ y − 1)(x+ y)/M2d , (46)
GZHτf (x, y) = −
CV
m2ZM
2
f
(−m2li((x+ y − 1)2(x+ y − 1) (47)
+ M2f (log(M
2
f )(2− 3(x+ y))− x− y − 1) +m2Zx(y(x+ y − 1) + 2)),
where
M2a = m
2
li(x+ y − 1)(x+ y) +mlj (x+ y)−m2Zxy −m2H(x+ y − 1), (48)
M2b = m
2
li(x− 1)x+m2Zy(x+ y − 1)−m2H(x− 1), (49)
M2d = m
2
li(x+ y − 1)(x+ y)−m2Zxy −m2H(x+ y − 1), (50)
M2f = m
2
li((x+ y − 1)(x+ y − 1))−m2Zx(y − 1) +m2Hy. (51)
The total contribution to (aWτ ) is:
(aWτ )
THDM−III = (aWτ )
H±H±ν +
∑
H=h0, H0, A0
lj=e, µ, τ
(aWτ )
Hlj lj + (aWτ )
H±νν + (aWτ )
ZHτ . (52)
9IV. CONSTRAINTS FROM LOW ENERGY PROCESSES
Due to the introduction of a second scalar doublet, there are additional Feynman diagrams that are not present in the
SM, involving the exchange of Higgs bosons (h0, H0, A0, H±). There are currently strict bounds and measurements
that have been obtained through various low energy phenomenological studies, this allows us to constraint parameters
of the model such as tanβ(= tβ) = v2/v1 which controls the intensity of the coupling of the Higgs bosons to the
fermions. In this section we show the allowed parameters space in the plane tβ −mH(H±), the other parameters are
fixed. In particular for α and β angles we study the scenario where α − β = pi2 , which reproduces the case where
the coupling of h0 to fermions is SM-like. In general, the favored region for THDM’s are phenomenologically viable
for the scenario α− β = pi2 [27]. We consider the relevant low energy constraints and the muon anomalous magnetic
dipole moment for constraint the model parameters and then we give analytical predictions to magnetic and weak
magnetic dipole moments of charged leptons in the section[V] using values of the allowed region. For the low energy
constraints mediated by neutral Higgs bosons, we consider B0s → µµ¯, µ → eγ, τ → µγ, τ → eγ, K − K¯ mixing and
li → lj lklk and the rare Higgs decay h → τµ. While for processes mediated by charged Higgs bosons b → sγ and
B → D(D∗)τν. The processes H0 → 2 jets, Z → ff¯ , e+e− → H0Z, H0A0, e+e− → bb¯H impose a limit on the mass
of the Higgs boson given by mH0 > 110.6GeV at 95% [28] and in the range 1− 55GeV is excluded [29].
On the other hand, a theoretical approach that can be used to try and understand the underlying physics is through
the effective Hamiltonian,
Heff = GF√
2
∑
i
V iCKMCi(µ)Qi, (53)
where Qi are the operators which govern the decay and Ci(µ) are Wilson Coefficients. The scale µ separates the
physics contributions into short distance contributions contained in Ci(µ) while the long distance contributions are
contained in Qi but the Wilson Coefficients depend on the couplings of the particular model, which in our case are
functions of α, β, θi, mH(H±) and γf . This will allow us to constrain the model parameters.
A. Low energy constraints mediated by neutral Higgs bosons
1. B0s → µµ¯
A measurement of B0s → µµ was reported in [35], whose value is
BR(B0s → µµ¯) = (2.8+0.7−0.6)× 10−9, (54)
while the SM value is given by [36]
BR(B0s → µµ¯)SM = (3.23± 0.27)× 10−9, (55)
which puts very stringent constraints on the model. The Feynman diagram for this process at the quark level is shown
in FIG.[3].
Figure 3: Feynman diagram for the B0s → µµ¯ process at the quark level. The labels ηHff¯ indicate the new contributions
coming from the THDM-III. We will omit these labels in all further Feynman diagrams.
We observe that the new contributions from Higgs bosons appear in the Hs¯b and Hµµ¯ couplings. The Branching
ratio for this decay is given by [37],
10
BR
(
B0s → µ¯µ
)
=
G2Fα
2
em
16pi3
MBτB |VtbV ∗ts|2
√
1− 4m
2
µ
M2B
×
[
|FH |2
(
1− 4m
2
µ
M2B
)
+ |FA0 |2
]
, (56)
where FH and FA0 are the form factors given by,
FH,A0 = − i
2
M2B fBs
mb
mb +ms
CH,A0 ,
(57)
where GF is the Fermi constant, τB the lifetime of the B meson, MB the B meson mass, fBs = 0.256 and CH , CA0
the Wilson coefficients that appear in the effective Hamiltonian,
Heff = −2
√
2GFVtbV
∗
ts
∑
i
CiQi, (58)
where Qi are the effective operators and are given by:
QH =
e2
16pi2
mb(s¯ PRb)(µ¯ µ), QA0 =
e2
16pi2
mb(s¯ PRb)(µ¯γ
5µ)
and the Wilson coefficients Ci are,
CH =
2pimµ
V ∗tsVtbαem
[
1
4m2H0
∑
H=H0, h0
ηHb¯sη
H
mm¯
]
, CA0 =
2pimµ
V ∗tsVtbαem
[
1
4m2A0
ηA
0
b¯s η
A0
mm¯
]
, (59)
where mb, V
∗
tb(ts),mH0 ,mh0 ,mA0 are bottom quark mass, CKM elements, heavy, SM-like, pseudo scalar Higgs bosons
mass, respectively. We can see through 59 the dependence on the model parameters since ηH,A
0
ff¯
= ηH,A
0
ff¯
(α, β, θi, γf )
and therefore CH,A0 = CH,A0(α, β, θi, mH , γf ).
2. Radiative decays li → ljγ
The second processes that we considered are the radiative decays li → ljγ. The Feynman diagram with the largest
contributions for this process is shown in FIG.[4],
Figure 4: Feynman diagram for the li → ljγ process.
The branching ratio for the general decay of a lepton (li) to a lepton of a different family (lj) is given by: [38]
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Br(li → ljγ) =
m5li
4piΓli
(∣∣Clj liR ∣∣2 + ∣∣Clj liL ∣∣2) , (60)
where the Wilson Coefficients C
lj li
R,L are:
C
lj li
RH =
[
ηLRH?lilj η
LRH
lilj + η
LRH?
lj li η
LRH
lj li
− mli
mli
ηLRHlilj η
LRH
lj li
(
9 + 6 ln
(
m2lj
m2H
))]
, (61)
such that H = h0, H0, A0. C
lj li
L is obtained by simply interchanging R by L.
The experimental bounds for each of the different processes are [39], [40], [41]
BR(τ → µγ) ≤ 4.5× 10−8
BR(τ → eγ) ≤ 1.1× 10−7
BR(µ→ eγ) ≤ 5.7× 10−13
Again we can see that C
lj li
RH = C
lj li
RH(α, β, θi, mH , γf ).
3. K − K¯ mixing
The amplitude for KK¯ Mixing receives contributions from the Feynman diagram shown in FIG.[5].
Figure 5: Feynman diagram for the KK¯ −mixing.
The effective hamiltonian for this process at the quark level is written from [42] as follows
H∆S=2eff =
G2FM
2
W
16pi2
∑
i
CiQi, (62)
with (i = L,R,LR), where
Qsd,sdL =
(
s¯PLd
)(
s¯PLd
)
, (63)
Qsd,sdR =
(
s¯PRd
)(
s¯PRd
)
, (64)
Qsd,sdLR =
(
s¯PLd
)(
s¯PRd
)
, (65)
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and the Wilson coefficients are written here for a general multi-Higgs doublet model,
Csd,sdL = −
16pi2
G2Fm
2
W
msmd|ηHsb|2
2∑
a=1
(
U∗1a
)2
m2H
, (66)
Csd,sdR = −
16pi2
G2Fm
2
W
msmd|ηHsb|2
2∑
a=1
(
U1a
)2
m2H
, (67)
Csd,sdLR = −
16pi2
G2Fm
2
W
msmd|ηHsb|2
2∑
a=1
U∗1aU1a
m2H
, (68)
where H = H0, h0, A0. Uba is the rotation matrix to go from weak to mass-eigenstates in the neutral CP-even Higgs
sector, since we are working in general THDM, the rotation matrix for neutral Higgs bosons takes the form
U =
(
cosα − sinα
sinα cosα
)
.
Flavor violation arises from the non-diagonal terms of the K (neutral kaon) mass matrix, in particular the component
MK12, whose experimental value has been measured to be
MK12 =
∆MK
MK
= 7.2948× 10−15GeV, (69)
but given that ∆MK is obtained through
∆MK = 2Re〈K¯0|H∆S=2eff |K0〉
=
G2FM
2
W
12pi2
MKF
2
Kη2BK
×
[
P¯2,LRC
sd,sd
LR + P¯1,L
(
Csd,sdL + C
sd,sd
R
)]
, (70)
where FK = 160 MeV, MK = 497.6 MeV, η2 = 0.57, BK = 0.85± 0.15, P¯2,LR = 30.6 and P¯1,L = −9.3., we have
MK12 =
4
3
F 2Kη2B¯K
(
mdms
) 1
(vcosβ)2
×
2∑
a=1
[
P¯2,LR
U2aU1a
m2H
+ P¯1,L
(
U22a
m2H
+
U21a
m2H
)]
. (71)
4. li → lj lk l¯k
The Feynman diagram for the process li → lj lk l¯k is shown in the FIG.[6],
Figure 6: Feynman diagram for the li → lj lk l¯k process.
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The Branching ratio for this process including contributions from the three Higgs bosons is given by [43]
Br(li → lj lklk) = 5δlllk + 2
3
τi
211pi3
mljm
2
lk
m6li
v6
{
cos2(α− β)sin2α
m4h0
+
sin2(α− β)cos2α
m4H0
− 2cos(α− β)sin(α− β) cosα sinα
m2h0m
2
H0
+
sin2β
m4A0
} |ηij |2
2cos4β
.
where τi is the time life of the li particle. The current upper bounds from PDG [44] are:
BR(τ → µµ¯µ) < 1.0× 10−12
BR(µ→ ee¯e) < 2.1× 10−8
B. Low energy constraints mediated by Charged Higgs bosons
1. b→ sγ
In the Standard Model the dominant decay of b quarks are given via couplings to the W−. And rare decays like
b→ sγ are described by penguin diagrams involving W− at one loop level, but in the THDM heavy charged Higgses
also contribute at the one loop-level so the decay b→ sγ remains as a good candidate to probe BSM physics.
The Feynman diagram for b→ sγ involving H− is shown in FIG.[7].
Figure 7: Feynman diagram for the b→ sγ.
The decay width is given by
Γ(b→ sγ) = G
2
F
32pi4
|V ?tsVtb|2αemm5b
∣∣D¯∣∣2 (72)
where the reduced amplitude D¯ and the Wilson coefficients are presented in [45], and discussed in [46].
2. B → D(D∗)τν
The BABAR collaboration [47] measured the branching ratios of the B decays BR(B → D(D∗)τν), finding:
R(D) = 0.44± 0.058± 0.042 (73)
R(D∗) = 0.332± 0.024± 0.018.
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where
R(D(D∗)) =
BR(B → D(D∗)τν)
BR(B → D(D∗)lν) , (74)
with l = e, µ, while the SM theoretical prediction for these processes is given by
RSM (D) = 0.297± 0.07, (75)
RSM (D
∗) = 0.252± 0.003± 0.018,
taken together the results give a discrepancy of 3.4 σ. These processes are present in other models that involve charged
scalar bosons and can be used to constrain the parameters of such models, like in our case of the THDM-III.
In this model the Feynman diagram that contributes to this process is shown in FIG.[8]
H±
u, c
b τ
ν
Figure 8: Feynman diagram for the B → D(D∗)τν process.
These ratios can be expressed as follows,
R(D) = RSM (D) (76)
×
(
1 + 1.5 Re
[
CcbR + C
cb
L
CcbSM
]
+ 1.0
∣∣∣∣CcbR + CcbLCcbSM
∣∣∣∣2
)
,
R(D∗) = RSM (D∗) (77)
×
(
1 + 0.12 Re
[
CcbR − CcbL
CcbSM
]
+ 0.05
∣∣∣∣CcbR − CcbLCcbSM
∣∣∣∣2
)
,
where CcbL,R are the Wilson coefficients given in [48].
We find that this is the single most stringent low energy processes. Nonetheless, we are able to satisfy both R(D)
and R(D?) within our model. The combined allowed region of charged Higgs boson mass (m±H) and tβ for all the
previous low energy processes are shown in the following section.
C. h0 → τµ
The flavour violating decay h0 → τµ currently has an excess of signal events with a significance of 2.4 σ [49], whose
branching ratio reported by CMS with a 95% confidence level is given by:
BR(h0 → τµ) < 1.51%. (78)
The tree level Feynman diagram for this process is shown in FIG.[9].
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(a)
Figure 9: Feynman diagram of h0 → τµ.
It is important to determine if our model acomodates this anomaly, to this purpuse we calculated the decay width
given by:
Γ(h0 → τµ) = Nc
8pim2h0
∣∣∣ηh0τµ∣∣∣2 (m2h0 − (mτ +mµ)2)3/2
× (m2h0 − (mτ −mµ)2)1/2 , (79)
where Nc = 1 is the color number and mh0 , mτ , mµ are the neutral light Higgs boson mass, tau mass and muon mass,
respectively. We found that the Branching ratio for this process as a function of tβ , falls within the LHC reported
measurement as shown in FIG.[10],
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Figure 10: Branching ratio of h0 → τµ decay as a function of tβ .
It might seem that the branching ratio for case 2a could grow in an undesirable way, but it becomes stable at the
value of 2× 10−2, while for the other two cases it decreases as tβ increases. The allowed range over tβ that we find in
this process matches the allowed range obtained from the low energy process that will be presented in the following
section.
D. Allowed regions
• tβ and mH
We determine the allowed parameter space by first finding the allowed region for all of the low energy process: IV A 1,
IV A 2, IV A 3, IV A 4 and we then intersect this region with the allowed space of aTHDM−IIIµ . In the analysis we have
worked with the γl = 0.5, (α − β) = pi2 scenario, mH± = 500GeV ,mH = mH0 ,mA0 , θ1, 2 = 0 and mh0 = 125GeV ;
the selection of these values are reasonable, since they satisfy current experimental bounds [33] on both neutral and
charged heavy Higgs.
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The allowed regions (tβ vsmH) for case 1, 2a, 2b is presented in FIG.[11].
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Figure 11: Allowed regions for the cases: (a) case 1, (b) case 2a, (c) case 2b.
Case a) has the largest allowed region, since it allows for small Higgs masses with a small tβ ≈ 10 through heavy
Higgs of a large tβ ≈ 50. While for case 2a we have a much more restricted parameter space, since small masses are
allowed for a small range of tβ ≈ 6 − 8 and the heaviest higgses are between tβ ≈ 12 − 16. For the case 2b we also
see a small allowed zone of parameter space, except that unlike the previous figure, slightly larger values of tβ are
allowed.
• tβ and mH±
For the charged heavy Higgs bosons we use the constraints IV B 1-IV B 2 to determine the allowed parameter space
tβ vsmH± . Where we have used γ = 0.5, (α − β) = pi2 ,mH = 500GeV , mh0 = 125GeV and θ1 = pi2 , θ2 = pi4 . The
allowed regions (tβ vsmH±) for case 1, 2a, 2b is presented in FIG.[12].
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Figure 12: Allowed regions for the cases: (a) case 1, (b) case 2a, (c) case 2b.
Constraints on the THDM must also satisfy electroweak precision data (EWPD). Thus, for our results to be reliable
we verified that the parameter space regions explored are consistent with EWPD. In particular we found Higgs
boson masses and tβ that satisfy radiative corrections to the W boson mass in the range of 100 < mH < 900GeV
(mH = mH0 = mA0) and 1 < tβ < 40 for different values of mH± = 300, 500, 800GeV and mh0 = 125GeV . Our
results agree with the authors of [50]. A brief discution is included in App.VII B.
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V. RESULTS
In this section we show the results obtained for the magnetic and weak magnetic dipole moments in the framework of
the THDM-III with four zero textures. In the previous section we presented the low energy processes involving either
charged or neutral Higgs bosons and we explored what are the available allowed regions that satisfy the experimental
bounds or measurements.
A. Muon anomalous magnetic dipole moment.
In FIG.[13] we show the contributions to aµ coming from the one loop diagrams in the context of THDM-III.
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Figure 13: New contribution of the THDM-III to aµ as function of Higgs mass (mH) and different values of tβ for
reasonable values of free parameters of the model: γ = 0.5, (α − β) = pi2 ,mH = mH0 = mA0 ,mH± = 500GeV and
mh0 = 125GeV for: (a) case 1, (b) case 2a, (c) case 2b. The parallel lines in all the plots correspond to allowed interval
of the discrepancy ∆aµ between the prediction of the SM and experimental measurements with a 95% confidence
level.
In each of the plots of FIG.[13] we notice that small masses mH are allowed for small values of tβ , while heavier
Higgs masses are only allowed for greater values of tβ .
B. Magnetic and weak magnetic dipole moments of the τ .
Using the previously obtained parameter space, we show in FIG.[14] and FIG.[15], the THDM-III scalar contribu-
tions to the magnetic and weak magnetic dipole moments of the τ .
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Figure 14: Plots of the scalar contributions to aτ in the THDM-III, (a) case 1, (b) case 2a, (c) case 2b.
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from FIG.[14], we find that the contribution to aτ is contained between the current experimental value of [4],
− 0.052 < aτ < 0.058. (80)
We can see that the order of magnitude varies moderately for each of our cases. The contributions of case 1 are within
the range O(10−8 − 10−7) while case 2a and 2b are O(10−8), O(10−7), respectively. It is understandable because the
three cases give similar contributions due to the structure of the Yukawa matrices we have considered.
On the other hand, in FIG.[15] shown planes aWτ vs mH
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Figure 15: Plots of the scalar contributions to aWτ in the THDM-III, (a) case 1, (b) case 2a, (c) case 2b.
We note that the contributions of case 1 are O(10−9− 10−8) while case 2a and 2b are O(10−10− 10−9)−O(10−7),
respectively.
VI. CONCLUSIONS
We found that one loop level scalar contributions from the THDM-III with four zero textures can be a possible origin
of the discrepancy ∆aµ. For small values of the mass of the heavy Higgs mH , tβ is also small, and reciprocally, larger
masses of mH are permissible only for large tβ . Furthermore, using current low energy constraints and a
THDM−III
µ ,
we obtained the allowed parameter space of the Higgs boson masses and tβ which are also consistent with electroweak
constraints. We determined that the magnetic dipole moment of the τ lepton is of the order of O(10−8 − 10−7) and
the weak magnetic of aWτ is of the order O(10−10 − 10−7). Of the three cases that we consider the dipole moments
found in case 2b have the largest value for a
(W )
li
.
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VII. APPENDIX
A. Yukawa elements for Case 1
Y˜21 = e
−i(θ1+θ2)
√
γm1m2 (γm2 +m2 −m3)
(m1 +m2) (m1 +m3) (γm2 −m3)
×
(
ei(θ1+θ2)
√
γm22 (−γm2 +m1 +m3)
(m1 +m2) (m2 −m3) (γm2 −m3) (γm2 −m3)
+ eiθ1θ2
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
)
+ e−iθ1θ2
√
m1 (−γm2 +m1 +m3)
(m1 +m2) (m1 +m3)
×
(
−eiθ1θ2
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3) (γm2 −m1 +m2)
− ei(θ2θ1+θ1+θ2)
√
− m1m2m3
γm2 −m3
×
√
− m1m3 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3) (γm2 −m3) + e
i(θ1+θ2)
×
√
γm22 (−γm2 +m1 +m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
)
+ e−i(θ1+θ2)
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
√
− m1m2m3
γm2 −m3
×
√
m2m3 (γm2 −m1 −m3)
(m1 +m2) (m1 +m3) (γm2 −m3)
Y˜22 = 2
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
(√
− m1m2m3
γm2 −m3
√
− m1m3 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
× cos (θ1 + θ2)−
√
γm22 (−γm2 +m1 +m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3 cos (−θ2θ1 + θ1 + θ2)
)
+
m2 (m2 ((−2γ − 1)m1 + 2γ(γ + 1)m2 +m2) +m3 (m1 − (2γ + 1)m2))
(m1 +m2) (m2 −m3)
21
Y˜23 = e
−i(θ1+θ2)
√
−m3 (γm2 +m2 −m3) (−γm2 +m1 +m3)
(m2 −m3) (m1 +m3) (γm2 −m3)
×
(
ei(θ1+θ2)
√
γm22 (−γm2 +m1 +m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
× (γm2 −m3) + eiθ1θ2
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
)
+ e−iθ1θ2
√
− γm2m3
(m2 −m3) (m1 +m3)
(
eiθ1θ2
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
× (γm2 −m1 +m2) + ei(θ2θ1+θ1+θ2)
√
− m1m2m3
γm2 −m3
×
√
− m1m3 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
− ei(θ1+θ2)
√
γm22 (−γm2 +m1 +m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
)
+ e−i(θ1+θ2)
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
√
− m1m2m3
γm2 −m3
×
√
γm1m22
(m2 −m3) (m1 +m3) (γm2 −m3)
22
Y˜31 = e
−i(θ1+θ2)
√
γm1m2 (γm2 +m2 −m3)
(m1 +m2) (m1 +m3) (γm2 −m3)
(
ei(θ1+θ2)
×
√
−m3 (γm2 +m2 −m3) (−γm2 +m1 +m3)
(m2 −m3) (m1 +m3) (γm2 −m3) (m3 − γm2)
+ eiθ1θ2
√
− γm2m3
(m2 −m3) (m1 +m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
)
+ e−iθ1θ2
√
m1 (−γm2 +m1 +m3)
(m1 +m2) (m1 +m3)
(
−eiθ1θ2
√
− γm2m3
(m2 −m3) (m1 +m3)
× (γm2 −m1 +m2)− ei(θ2θ1+θ1+θ2)
√
− m1m2m3
γm2 −m3
×
√
γm1m22
(m2 −m3) (m1 +m3) (γm2 −m3)
− ei(θ1+θ2)
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
×
√
−m3 (γm2 +m2 −m3) (−γm2 +m1 +m3)
(m2 −m3) (m1 +m3) (γm2 −m3)
)
+ e−i(θ1+θ2)
√
− m1m2m3
γm2 −m3
√
− γm2m3
(m2 −m3) (m1 +m3)
×
√
m2m3 (γm2 −m1 −m3)
(m1 +m2) (m1 +m3) (γm2 −m3)
23
Y˜32 = −eiθ1θ2
√
γm22 (−γm2 +m1 +m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
(
e−iθ1θ2
×
√
−m3 (γm2 +m2 −m3) (−γm2 +m1 +m3)
(m2 −m3) (m1 +m3) (γm2 −m3) (m3 − γm2)
+ e−i(θ1+θ2)
√
− γm2m3
(m2 −m3) (m1 +m3)
×
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
)
+ e−iθ1θ2
√
m2 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3)
(
eiθ1θ2
√
− γm2m3
(m2 −m3) (m1 +m3)
× (γm2 −m1 +m2) + ei(θ2θ1+θ1+θ2)
√
− m1m2m3
γm2 −m3
×
√
γm1m22
(m2 −m3) (m1 +m3) (γm2 −m3)
+ ei(θ1+θ2)
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
×
√
−m3 (γm2 +m2 −m3) (−γm2 +m1 +m3)
(m2 −m3) (m1 +m3) (γm2 −m3)
)
+ e−i(θ1+θ2)
√
− m1m2m3
γm2 −m3
√
− m1m3 (γm2 +m2 −m3)
(m1 +m2) (m2 −m3) (γm2 −m3)
×
√
− γm2m3
(m2 −m3) (m1 +m3)
Y˜33 = 2
√
− γm2m3
(m2 −m3) (m1 +m3)
(√
− m1m2m3
γm2 −m3
×
√
γm1m22
(m2 −m3) (m1 +m3) (γm2 −m3) cos (θ1 + θ2)
+
√
γm2 (γm2 +m2 −m3) (−γm2 +m1 +m3)
γm2 −m3
×
√
−m3 (γm2 +m2 −m3) (−γm2 +m1 +m3)
(m2 −m3) (m1 +m3) (γm2 −m3) cos (−θ2θ1 + θ1 + θ2)
)
+
m3
(
m3 (2γm2 −m1 +m2) +m2 (2γm1 − 2γ(γ + 1)m2 +m1)−m23
)
(m2 −m3) (m1 +m3)
B. Electroweak constraints
Following the work done in [51] the W mass in the THDM is perturbatively calculated through the relation
M2W =
M2Z
2
(
1 +
√
1− 4piαem√
2GFM2Z
(1 + ∆r)
)
, (81)
24
where GF , αem, MZ are the Fermi constant, fine-structure constant and Z boson mass, respectively. The terms ∆r
are radiative corrections to the W boson mass given by:
∆r = ∆rSM + ∆rTHDM (82)
where
∆rTHDM = ∆αTHDM − c
2
W
s2W
δρTHDM + ∆rrem, (83)
such that ∆αTHDM is the photon vacuum polarization of the THDM, ∆rrem incorporates the remaining contributions
and
δρTHDM =
−α
16pis2WM
2
W
(
cos2(β − α)[F (m2h0 ,m2H±)− F (m2h0 ,m2A0)]
+ sin2(β − α)[F (m2H0 ,m2H±)− F (m2H0 ,m2A0)] + F (m2A0 ,m2H±)
− 3 cos2(β − α)[F (m2H0 ,M2W ) + F (m2h0 ,M2Z)]
− F (m2H0 ,M2Z)− F (m2h0 ,M2W )
)
, (84)
F (x, y) =
x+ y
2
− xy
x− y log(
x
y
), if x 6= y (85)
F (x, y) = 0, if x = y. (86)
